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Abstract
Background: Our aim was to investigate the existence of a reciprocal relationship between
patients' assessment of quality of life and their appraisal of health. If present, this relationship will
interfere with the interpretation of heart surgery's effect on overall quality of life.
Methods: Path analysis was used to investigate reciprocal causal relationships between general
health perceptions and overall quality of life before and after heart surgery. Longitudinal data from
a study of coronary artery bypass surgery were used to model lagged, cross-lagged, and
simultaneous paths over four time-points of assessment from before surgery to one year
afterwards. The conceptual framework for the analysis was the Wilson and Cleary causal pathway
model. General health perceptions were measured with the Short Form 36. Overall quality of life
was measured with i) a single question regarding life satisfaction and ii) the multi-item Quality of
Life Survey.
Results: Acceptable model fit was obtained for reciprocal causation between general health
perceptions and overall quality of life. Regression coefficients changed over different phases of
rehabilitation. Serial correlation accounted for much of the variance within variables over time.
Conclusion:  The present analysis demonstrates that unidirectional models of causality are
inadequate to explain the effect of heart surgery on overall quality of life. Overall quality of life can
causally influence as well as be an outcome of health status after coronary artery bypass surgery.
Background
Practice guidelines for chronic stable angina and for the
coronary artery bypass operation target improvement of
survival and symptomatic relief of angina [1], with
improvement of the quality of life (QoL) as an expected
secondary outcome [2]. Although a consensus exists on
the subjective nature of QoL, the issues of what to meas-
ure and how to interpret the results remain areas of con-
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troversy [3]. Meanwhile, the number of papers returned
from a database query of 'QoL and coronary artery bypass
surgery' average one per week for every year of the last five
years, and clinicians face the task of judging the validity
and significance of this research [4]. The interpretation of
results from correlation research may generate assump-
tions of causality. If disease is a predictor of health, and
health has an effect on QoL, then therapies reducing the
burden of disease are expected to improve QoL. On the
other hand, if the patient's appraisal of QoL is not only an
outcome, but also affects the perception of health, then
the expectation that surgery can improve QoL may be too
simplistic. In other words, reciprocal causality will inter-
fere with the interpretation of heart surgery's effect on
overall quality of life. Valid and reliable measures of QoL
remain at risk of being labeled 'unresponsive' unless this
latent controversy is understood and resolved. In clinical
practice, evidence of reciprocal causality can support pre-
operative screening for patients who rate their QoL as
poor, to guide complementary interventions during reha-
bilitation to ensure that outcomes following surgery are
maximized. In this study, our aim was to investigate the
existence of a reciprocal relationship between patients'
assessment of quality of life and their appraisal of health.
Theoretical framework
In 1995, Wilson and Cleary proposed a causal pathway
model to link clinical variables to QoL (Figure 1), in order
to connect the field of objective measurement to that of
subjective experience [5].
This model has influenced the analysis of data from car-
diac [6-8] and other patient populations [9,10]. Wilson
and Cleary structured outcomes along a continuum of
increasing complexity from biological parameters
through symptom status, functional status, general health
perceptions and overall QoL [5]. General health percep-
tions reflect the functional status and symptoms such as
angina pectoris [5], and are important for their predictive
ability on the use of health care services as well as mortal-
ity [11]. Wilson and Cleary used the concepts health status
and health-related QoL interchangeably in the description
of their model. However, both concepts appear clearly
separate from overall QoL, which represents "a stable syn-
thesis of a wide range of experiences and feelings that peo-
ple have" [5]. Interaction effects of individual and
environmental characteristics may occur at each level of
outcomes.
Previous research citing Wilson and Cleary has modeled
unidirectional causal effects from general health percep-
tions towards overall QoL [6-10], under the assumption
that the dominant path of causality is sufficient to guide
data analysis. However, interpretation of results is condi-
tional upon the absence of significant reciprocal effects. It
is debatable whether QoL represents a summary outcome
of different and situational life aspects, or a "top-down"
individual disposition towards the evaluation of life
aspects [12,13]. Integration of these theoretical positions
in a reciprocal causality model of "top-down" personality
factors and "bottom-up" situational variables has been
proposed [14,15]. With repeated measurements of health
status and overall QoL in patients undergoing heart sur-
gery, an opportunity exists to challenge the conventional
direction of causality illustrated in Figure 1, and assess the
strength of causal relationships over time. If reciprocal
causality is possible and the mechanisms can be
explained, the Wilson and Cleary model must be accepted
as more complex than previously recognized in correla-
tion research.
Methods
Patient sample
The data set came from a previously reported [16] rand-
omized clinical study of on-pump versus off-pump coro-
nary artery bypass surgery. The parent study recruited and
included 120 patients between 40 and 80 years of age,
with stable angina pectoris and moderate or good left ven-
tricular function. Exclusion criteria were ejection fraction
< 30 % and/or renal failure (serum creatinine > 200
mmol/L), as well as patients unable to read, write or com-
municate verbally in Norwegian. The study protocol was
approved by the Regional Ethics Committee, and patients
provided written and informed consent. Five patients
were lost to follow-up due to mortality (2 patients) and
withdrawal (3 patients).
A causal pathway model of health-related quality of life Figure 1
A causal pathway model of health-related quality of 
life. The horizontal arrows indicate the main, but not exclu-
sive, direction of causality. Reproduced with permission from 
Wilson IB, Cleary PD. JAMA 1995;273:59–65. Copyright 
©1995 American Medical Association.
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For the present path analysis, the patients constituted one
group, as no significant effect of randomization to either
treatment arm was found [16]. Complete sets of data were
required for the analysis, resulting in the exclusion from
analysis of seven more patients where one or more data
points were missing. Thus, the patient sample for the
present study included 108 complete sets out of 120
potential sets of patient data, representing individuals (81
% men) between 47 and 79 years (mean age 64.2 years).
The patients were comparable to the parent study popula-
tion on all subscales of the SF-36 health status survey.
These individuals reported a median angina score of
Canadian Cardiovascular Society class II [17], and 44 %
had previously experienced myocardial infarction.
Procedure
A study database provided demographic data and clinical
parameters. The patients completed a questionnaire 4
times; at hospital admission before surgery (baseline),
and 3, 6 (questionnaire sent by mail) and 12 months after
surgery (follow-up visits at months 3 and 12). While the
questionnaire also included outcome measures such as
symptoms and functional status, the data analyzed in the
present paper only concern overall QoL and general
health perceptions. All in-patient assessments were sched-
uled before any further clinical or research diagnostics.
Self-reported variables
Overall quality of life
Overall QoL can be measured in different ways depending
on the substantive focus of investigation, such as happi-
ness, well-being, life satisfaction [18]. The theoretical
rationale and explicit ambition of the Wilson and Cleary
model, integration of the biomedical and social sciences,
suggested the use of life satisfaction instruments to repre-
sent overall quality of life [5]. Two instruments, Global
Quality of Life (gQoL) and a Norwegian version of the
Quality of Life Survey (QoLS-N), were used in order to
assess the influence of methods' effects.
Global Quality of Life, previously used in epidemiological
research [19], is a single-item overall appraisal of satisfac-
tion with current life, scored on a seven step Likert-type
scale: "Thinking about your life at the moment, would
you say that you by and large are satisfied with life, or are
you mostly dissatisfied?". The labeled response options
ranged from 'very dissatisfied' to 'very satisfied'.
The QoLS-N is a 16-item scale reported as a single sum of
item scores ranging from 16–112 points; higher scores
indicating better QoL. It explores factors such as physical
and material well-being, relationships with other people,
social and civic activities, personal development, recrea-
tion, and independence [20]. Each item is scored on a
seven-step scale with labeled response options that range
from 'very dissatisfied' to 'very satisfied' in the validated
translation [18]. Internal consistency (Cronbach's alpha)
of the QoLS-N is reported at 0.86, with a test-retest relia-
bility of 0.83 [21]. In this study, internal consistency was
0.83 at baseline and 0.90 at all subsequent time-points.
General health perceptions
We used the General Health subscale from the Short Form
36 (SF-36 version 1.2) as a single indicator. The 5 general
health items cover current health, health outlook, and
resistance to illness. Scores range from 0–100 points;
higher scores indicate better health. Internal consistency
(Cronbach s alpha) for this subscale has been reported at
0.84 [22] and varied in our study from 0.73 at baseline
and three months' assessment, to 0.78 (six months) and
0.81 (twelve months). General health perceptions are
associated with physical, mental and social health
domains [23].
Statistical analysis
We modeled causal paths with longitudinal data between
single indicator variables for overall quality of life and
general health perceptions. The path analysis used struc-
tural equation modeling [24] where all 4 time-points were
represented in all models tested. This method allows the
inclusion of feedback or reciprocal paths in addition to
unidirectional causal effects [25] and is therefore more
appropriate for our study than standard multiple regres-
sion technique. Figure 2 illustrates the two different sets of
reciprocal relationships that were modeled. Cross-lagged
components model the causal effect as observed at a later
point in time (Figure 2a), while simultaneous compo-
nents are observed at the same time (Figure 2b).
Structural equation modeling does not prove causality,
but it tests whether the data set, with its inherent covari-
ance structure, supports or rejects the postulated effects.
Thus, the data matrix under analysis is the set of covari-
ances between all pairs of variables. The interrelationships
of the observed variables are specified in structural equa-
tions by the researcher, according to hypotheses and the-
ories. Adding, removing or changing the direction of an
effect (arrow in Figure 2) means changing the set of regres-
sion equations. The combination of all equations form a
model, and the fit or appropriateness of this model is
tested by analyzing all equations simultaneously, looking
at the whole landscape rather than the individual parts.
The result of analysis is expressed as a set of fit indices,
indicating how well the specified model fits the observed
reality. The task of interpretation is to accept, reject, or
possibly modify the paths included in the model.
Scoring of the SF-36 was completed according to the man-
ual [23] using the SPSS version 12.0 (SPSS Inc., Chicago
IL). To analyze the extent of selective attrition, χ2 and t-Health and Quality of Life Outcomes 2007, 5:27 http://www.hqlo.com/content/5/1/27
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tests for independent samples were used. Histograms and
descriptive statistics for the individual variables were
screened for deviations from normality. The distribution
of scores indicated reasonable compliance with the
assumptions of linear modeling. The covariance matrix
was analyzed using maximum likelihood estimation in
Lisrel version 8.72 (Scientific Software International, Lin-
colnwood IL). We allowed for each effect component to
vary over time. First, we modeled the time-lagged effects
between general health perceptions and overall QoL over
4 time-points. We included correlations between variables
measured at the same occasion to take into account the
presence of confounding variables [25,26]. The second
model included the cross-lagged effects between the dif-
ferent variables to the following time-point of assessment.
Finally, a third model was introduced to evaluate simulta-
neous effects, where the correlation between variables
measured within one time-point in the previous models
was replaced by reciprocal causal effects. A series of model
fit characteristics were used to evaluate the adequacy of
different causal models: (i) χ2 analysis, testing that the
model is not significantly different (p > 0.05) from the
underlying population covariance matrix, (ii) compara-
tive fit index (CFI) above 0.90, (iii) root mean square
error approximation (RMSEA) indicating acceptable
(RMSEA < 0.08) or good (< 0.05) fit of the residuals, and
(iv) standardized root mean square residuals (SRMR) less
than 0.10 [24]. The p of Close Fit tested the null hypothe-
sis of RMSEA < 0.05; a non-significant test implies accept-
able model fit. The significance of the cross-lagged effects
and the equivalence of cross-lagged or simultaneous
effects were evaluated with a χ2 difference test using a crit-
ical value (alpha) of 5 %.
Results
General health and QoL measurements at all time-points
are presented in Table 1, and their bivariate relationships
in Table 2. Relative to preoperative status, the mean
improvement in general health score at all three follow-up
points ranged from 9.5 (SD 18.8) to 12 (SD 18.6) points.
At the group level, the greatest improvement in general
health occurred from baseline to 3 months after surgery,
although at the individual level, one third (32.4 %) of the
individual patients reported no change or decline.
At all assessments, the individual patient scores on the
global Quality of Life item (gQoL) covered the full scale
range from 1 to 7. The group mean gQoL improved from
5.0 before surgery to 5.6 at 12 months' follow-up (Table
1). Overall QoL scores measured with the QoLS-N also
demonstrated individual variation; the group mean at
baseline was 86.5 points increasing to 88.1 after 12
months, while individual scores ranged from 52.6 to 112
points during the same time-span.
Structural equation modeling of global Quality of Life 
(gQoL)
Full versions of the cross-lagged and simultaneous path
models, with unstandardized estimates of the paths as
well as correlations of the error variances of the variables,
are available under Additional files. The abbreviated ver-
sions in Figure 3 and 4 serve to outline the main results
with standardized regression coefficients.
We started by estimating a model with longitudinal paths
connecting all assessments within each of the two out-
come measures at all time-points, but no causal paths
between general health and overall QoL. The analysis pro-
vided acceptable model fit and consequently, this model
served as a reference model from which improvements
through the addition of hypothesized causal paths could
be evaluated (Table 3). We also tested an alternative and
more parsimonious lagged effects model, where the only
paths specified were the connections from one time-point
to the immediate next within each variable, omitting the
bridging connections between baseline and 6 months,
baseline and 12 months, and 3 months and 12 months'
assessments. This model fitted the data poorly and was
discarded.
The cross-lagged model added reciprocal effects from the
previous to the next assessment between QoL and general
health perceptions, and the standardized regression coef-
ficients of these causal paths are presented in Figure 3 (see
also Additional file 1: Additional file
1_xlagged_gQOL.pdf). A statistically significant cross-
Reciprocal causal paths, illustrating a) cross-lagged effects and  b) simultaneous effects Figure 2
Reciprocal causal paths, illustrating a) cross-lagged 
effects and b) simultaneous effects. Single arrows indi-
cate causal paths. Only two time-points are illustrated, while 
four time-points were analyzed in all models reported in this 
paper.
a) b)
General
health
Quality
of Life
Quality
of Life
General
health
Time Y Time X
General
health
General
health
Quality
of Life
Quality
of Life
Time X Time YHealth and Quality of Life Outcomes 2007, 5:27 http://www.hqlo.com/content/5/1/27
Page 5 of 10
(page number not for citation purposes)
lagged effect from overall QoL at baseline to the three
months assessment of general health was present, indicat-
ing independent predictor properties of the baseline QoL
appraisal during the greatest change in general health sta-
tus. This model fitted the data well (Table 3) although the
change in χ2 compared to the lagged model was not statis-
tically significant. The simultaneous reciprocal model
(Figure 4) demonstrated best fit and, by chi-square test, a
significant model improvement, with significant path
coefficients observed at three and six months after surgery
from overall QoL toward general health perceptions (see
also Additional file 2: Additional file
2_simultaneous_gQOL.pdf). To contrast this analysis
with an assumption of no causal effects, we set the bidirec-
tional paths within each time-point to equal size. This
resulted in an unidentifiable model.
Structural equation modeling of the Quality of Life Survey 
(QoLS-N)
We re-ran the previous analyses with the QoLS-N results
(Table 3). Full versions of the cross-lagged and simultane-
ous path models are available as Additional files 3 and 4
(Additional file 3_xlagged_QOLSN.pdf, and Additional
file 4_simultaneous_QOLSN.pdf). By fitting identical
models with the two instruments, it was possible to assess
the extent of instrument-specific results, which constitutes
a step towards cross-validation (Figure 5).
In the cross-lagged model, the path from general health at
six months to QoL at 12 months was statistically signifi-
cant. Each point increase in general health at six months,
resulting from all directional paths assigned, was associ-
ated with 0.11 point increase in QoLS-N at one year after
Table 2: Bivariate relationships of general health perceptions and overall quality of life at four time-points
Baseline 3 months 6 months 12 months
General 
health
gQoL QoLS-N General 
health
gQoL QoLS-N General 
health
gQoL QoLS-N General 
health
gQoL QoLS-N
Baseline
General health 446 .32* .38* .57* .27* .18 .58* .24 .20 .54* .22 .24
gQoL 1.25 .42* .37* .32* .23 .36* .43* .34* .35* .46* .35*
QoLS-N 104 .28* .22 .58* .35* .30* .59* .21 .24 .59*
3 months
General health 354 .55* .42* .71* .39* .30* .75* .46* .42*
gQoL .76 .52* .44* .53* .30* .47* .54* .46*
QoLS-N 107 .36* .37* .61* .35* .37* .66*
6 months
General health 387 .53* .54* .66* .41* .51*
gQoL .81 .57* .37* .62* .42*
QoLS-N 120 .24 .43* .64*
12 months
General health 453 .43* .49*
gQoL .80 .52*
QoLS-N 106
The diagonal (italic) represents variance; the upper diagonal contains Pearson correlation coefficients, asterisks indicate p = 0.01. Common to all 
three scales, higher scores indicate better health or quality of life.
Table 1: General health and overall quality of life at 4 time-points (n = 108)
Baseline 3 months 6 months 12 months
General 
health
57.7 (21.1) 69.7 (18.8) 67.2 (19.7) 68.7 (21.3)
gQoL 5.0 (1.1) 5.6 (0.9) 5.5 (0.9) 5.6 (0.9)
QoLS-N 86.5 (10.2) 88.0 (10.3) 87.4 (11.0) 88.1 (10.3)
Each observation is presented as mean (standard deviation).
For all three scales, higher scores indicate better health or quality of life.
General health scale range 0–100.
gQoL scale range 1–7.
QoLS-N scale range 16–112.Health and Quality of Life Outcomes 2007, 5:27 http://www.hqlo.com/content/5/1/27
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surgery. In the simultaneous reciprocal model, significant
standardized regression coefficients from QoL to general
health dominated at 3 and 6 months after surgery (0.26
and 0.28, respectively), while the reverse effect from gen-
eral health towards QoL (0.27) was present at one year
after surgery. However, the model fit indices suggested
that the cross-lagged model was superior to the model
allowing simultaneous and bidirectional causal paths
(Table 3). Cross-lagged effects also demonstrated better
model fit than two unidirectional and simultaneous
effects models, either according to the conventional paths
of the Wilson and Cleary model or with reversed causa-
tion only – from QoL towards general health. An
extended version of Table 3 details the latter results and is
available on request.
Discussion
In this study, structural equation modeling supported the
existence of reciprocal causal paths between general
health perceptions and overall QoL. Our longitudinal
analysis indicated that changes in general health percep-
tions may be conditional upon as well as contributing to
the appraisal of overall QoL. The clinical implication is
that the evidence used for preoperative counseling on
expected changes in symptoms and functioning, should
not be extrapolated to health in general or life satisfaction
following coronary artery bypass surgery. Restraining the
level of abstraction to outcomes that are conceptually
closer to clinical parameters and the surgical intervention,
such as symptoms and functional status domains [5], may
prevent misunderstandings and facilitate joint decision-
making between patient and provider. Bearing on
research, the present study describes a potential source of
error when interpreting cross-sectional associations
between overall QoL, general health, and heart surgery.
We based our analysis on research demonstrating that
general health perceptions and overall QoL represent con-
ceptually and empirically distinct dimensions [27]. Previ-
ous studies of heart patients where the Wilson and Cleary
model has been evaluated as a conceptual framework,
present different interpretations of overall QoL: either as
life satisfaction similar to the present study [6], or by refer-
ring to health-related QoL (HQoL) [28], or disease-spe-
cific health-related QoL [7]. If the main causal direction
from general health perceptions towards overall QoL were
dominant, blurring of the conceptual distinction between
health status or HQoL and overall QoL would be less con-
sequential, although possibly not desirable [3]. However,
our results indicate a more complex causal network,
which precludes conceptualizing overall QoL as health or
subsumed within health. Examples from neighbor
research fields expand on the causal networks involved,
where explanatory variables associated with overall QoL
include a genetic component [29,30], personality trait
characteristics [31], and – in cardiac patients – life orien-
tation or Sense of Coherence [32].
In our study, the regression coefficients between general
health perceptions and overall QoL did not demonstrate
a stable pattern. This variation may represent true varia-
tion of structurally stable constructs, or there may be uni-
dentified structural variation due to response shifts from
changing values or beliefs of respondents [33], possibly
mediated by alterations in cognitive processing after heart
surgery. Sample size was in this study insufficient for
Table 3: Model fit indices
χ2 df p RMSEA CFI SRMR ∆χ2 ∆df
gQoL
1. Lagged effects only 18.55 12 .100 .072 a .990 .125 reference
2. Cross-lagged effects 7.71 6 .260 .052 a .997 .023 10.84 6
(Figure 3)
3. Simultaneous effects 9.76 9 .371 .028 a .998 .026 8.79 b 3
(Figure 4)
QoLS-N
4. Lagged effects only 17.50 12 .132 .066 a .990 .076 reference
5. Cross-lagged effects 7.21 6 .302 .044 a .998 .022 10.29 6
6. Simultaneous effects 17.49 9 .042 .095 a, c .986 .066 .01 3
a p of Close Fit >.05, the null hypothesis is RMSEA <.05.
b P < .05
c The 90% confidence interval is .018 to .161
CFI Comparative Fit Index, values > 0.90 indicates a good fit of the model.
RMSEA Root Mean Square Error of Approximation, values < 0.08 indicating acceptable, and < 0.05 good fit of the residuals.
SRMR Standardized Root Mean Residual, values < 0.10 indicating good fit.
∆df Difference in degrees of freedom from reference model
∆χ2 Difference in chi-square from reference model chi squareHealth and Quality of Life Outcomes 2007, 5:27 http://www.hqlo.com/content/5/1/27
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modeling of latent variables to control for time invariance
of item factor loadings on each construct. However, we
used instruments where the variance was fully modeled –
as in the case of the single-item gQoL – or where the factor
structure and reliability has been extensively reported
across patient groups. The adequacy of the lagged effects
models suggested that longitudinal construct validity was
satisfactory. A homeostatic concept of subjective well-
being offers a possible explanation to the changing "bot-
tom-up" and "top-down" causal paths over situations and
time. It has been suggested that mechanisms to restore
homeostasis are triggered when a challenge to an individ-
ual set point occurs from contributing domains [13].
Severe health impairments may trigger through negative
feedback, whereas positive health transitions following
surgery may alter the relative strength of bidirectional
paths connecting health perceptions and QoL. In the
present study, the patients were in a transition from a pre-
operative state through rehabilitation. During the period
of greatest change in general health perceptions, from pre-
operative status to three months after surgery, paths from
overall QoL towards general health appeared dominant in
the simultaneous effects models (gQoL and QoLS-N) as
well as in the cross-lagged model using gQoL observa-
tions. In contrast, the cross-lagged QoLS-N model was
indifferent from baseline to three months after surgery.
Furthermore, from six months to one year after surgery
and during less magnitude of health transition, the regres-
sion coefficients in the conventional direction from gen-
eral health perceptions towards overall QoL were
significant in the cross-lagged and simultaneous effects
QOLS-N models (Figure 5, Additional file 3: Additional
Simultaneous effects model Figure 4
Simultaneous effects model. This model demonstrates 
bidirectional causal paths at each time-point observed after 
baseline. The path from general health towards overall qual-
ity of life occurs at the same time as the path from overall 
quality of life towards general health perceptions is observed. 
Two of the six simultaneous paths are statistically significant 
in the direction from 3 and 6 months' gQOL towards the 
corresponding scores on the SF-36 General health subscale. 
As with the cross-lagged paths, this model includes strong 
serial associations over time within each variable except 
between 6 and 12 months' general health perceptions. 
Straight and curved single arrows indicate the causal paths 
modeled. The corresponding decimals are standardized 
regression coefficients. Bold face coefficients indicate p < 
0.05 while broken lines are used for paths with a corre-
sponding p ≥ 0.05. The curved line between baseline varia-
bles represents a correlation; the number is the 
corresponding correlation coefficient. Model fit indices are 
summarized in Table 3. For correct model specification of 
simultaneous effects, the present baseline assessment pro-
vides exogenous and correlated variables, without simultane-
ous effects at this time-point.
General
health
General
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gQOL
General
health
gQOL gQOL
gQOL
R2 = .55
General
health
R2 = .61
.33
.41
.23
.40
.11 .07
.28
.28 .07
.49 .19 .46
.22
.24 .32
.25 .51
.34
baseline 3 months 6 months 12 months
.13
Cross-lagged model Figure 3
Cross-lagged model. This model demonstrates bidirec-
tional causal paths from one time-point to the following, 
from general health towards overall quality of life as well as 
from overall quality of life towards general health percep-
tions. One of these cross-lagged paths is statistically signifi-
cant; the path from baseline gQOL towards 3 months' scores 
on the SF-36 General health subscale. Together with the 
cross-lagged paths, the model also includes strong serial 
associations over time within each variable except between 6 
and 12 months general health perceptions. Straight and 
curved single arrows indicate the causal paths modeled. The 
corresponding decimals are standardized regression coeffi-
cients. Bold face coefficients indicate p < 0.05 while broken 
lines are used for paths with a corresponding p ≥ 0.05. The 
curved line between baseline variables represents a correla-
tion; the number is the corresponding correlation coefficient. 
Model fit indices are summarized in Table 3. Figures 3 and 4 
are available in more detailed versions as Additional files 1 
(Additional file 1_xlagged_gQOL.pdf) and 2 (Additional file 
2_simultaneous_gQOL.pdf) with this paper, including the 
unstandardized parameter estimates.
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file 3_xlagged_QOLSN, and Additional file 4: Additional
file 4_simultaneous_QOLSN).
Variation between regression coefficients were in the
present study associated with the choice of overall QoL
instrument. While a consensus exists as to how QoL
should be assessed, i.e. as a subjective appraisal obtained
by asking the patient [34], there is no gold standard or ref-
erence criterion for evaluation of content validity of over-
all QoL instruments [35]. In our observations, we selected
measures that emphasize life satisfaction as a critical com-
ponent of overall QoL. It should be noted that Wilson and
Cleary [5] also cite subjective well-being and happiness
along with life satisfaction as representative for overall
QoL, although their paper does not enter the discussion
on structural relationships of indicators of overall QoL.
The correlation matrix of Table 2 indicates only a moder-
ate overlap of content between the gQoL and the QoLS-N.
Their intercorrelation coefficients remain below 0.60, and
the extent of common methods variance is unknown. Two
complementary explanations may be offered for the mod-
est strength of association and the different results
obtained when modeling with different instruments:
First, compared to the QoLS-N, the single-item gQoL
emphasizes "top-down" effects towards general health
perceptions during changing health conditions. It is pos-
sible that the single question favors a life orientation
response, as the response options neither are anchored to
specific life domains nor impose any assumptions of
weighting due to the number or order of items. Con-
versely, the sum score of the QoLS-N may represent a bot-
tom-up perspective of overall QoL as a sum of experiences
and appraisals. However, although the selection of items
is empirically grounded [20], each item is given equal
weight in the summary score and this may not adequately
reflect the preferences and priorities held by respondents.
Second, one may question whether the gQoL and the
QOLS-N represent the same latent variable, life satisfac-
tion. Exploring their relationships, we correlated the gQoL
at baseline and at one year after surgery with a three-factor
solution of the QOLS derived from analysis of healthy
subjects' responses [20]. Amongst these factors, Health
and Functioning demonstrated the greatest strength of
association to the gQoL, followed by Relationships and
Material Well-Being and finally Personal, Social and Com-
munity Commitment. Of note, the QoLS-N scale contains
one item specifying physical health. To control for unto-
ward loss of variance and inflated regression coefficients
between the observed variables in our analyses, we ran
separate models with a 15-item modification of the QoLS-
N score in which the health item was deleted. No substan-
tial change in model fit was observed (data available on
request).
Some limitations of this study should be acknowledged.
We assumed that the baseline values of our observed var-
iables carried adequate adjustment for numerous candi-
date background variables such as gender, age,
socioeconomic status, level of education and co-morbid-
ity. A larger sample size would allow for more parameters
and variables – observed or latent – to be included. How-
ever, our analysis used the p of Close Fit indicator (see leg-
end, Table 3) to provide an estimate of sufficient power to
detect poor model fit due to misspecification. As this
study is an early investigation of reciprocal effects, we
could not locate publications that could validate the tim-
Comparison of significant a) cross-lagged and b) simultaneous  paths from two sets of modeling with two different quality of  life instruments: gQoL and QoLS-N Figure 5
Comparison of significant a) cross-lagged and b) 
simultaneous paths from two sets of modeling with 
two different quality of life instruments: gQoL and 
QoLS-N. Figure 5 summarizes only the statistically signifi-
cant paths observed between General Health and overall 
Quality of Life, indicated as arrows in the direction of causal-
ity. The causal paths are labeled with their corresponding 
QoL instrument and standardized regression coefficients 
derived from structural equations. Paths within each concept 
from one time-point to another, for example from General 
Health at three months to General Health at 12 months, are 
not drawn. See Table 3 for model fit indices, and Additional 
files 1 through 4 for separate model parameters.
a) Cross-lagged models 
QoL  QoL  QoL  QoL 
       
                                  gQoL .17 
    
                QoLS-N .21   
       
SF-36  GH  SF-36  GH  SF-36  GH  SF-36  GH 
Baseline  3  months  6  months   12  months 
b) Simultaneous (reciprocal) effects models 
QoL  QoL  QoL  QoL 
       
  gQoL .33   gQoL .28
  QoLS-N .26   QoLS-N .28   QoLS-N .27
       
SF-36  GH  SF-36  GH  SF-36  GH  SF-36  GH 
Baseline    3 months    6 months    12 months Health and Quality of Life Outcomes 2007, 5:27 http://www.hqlo.com/content/5/1/27
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ing of assessments as more or less sensitive to the causal
paths investigated.
Conclusion
Unidirectional models of causality are inadequate to
explain the effect of cardiac surgery on overall QoL. Over-
all quality of life can causally influence as well as be an
outcome of health status after coronary artery bypass sur-
gery. Our analysis substantiates the potential for recipro-
cal effects within the Wilson and Cleary model. This study
offers a pilot design for confirmatory modeling with more
frequent sampling of a larger patient population.
Abbreviations
gQoL Single-item Global Quality of Life question
QoL Quality of Life
QoLS-N Quality of Life Survey-Norwegian
SF-36 GH Short Form 36 General Health subscale
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